Abstract
Introduction
Non-Hodgkin Lymphoma (NHL) is a heterogeneous group of lymphoid malignancies and is the fourth most common malignancy in children and adolescents. Pediatric NHLs are known to have different distributions of pathologic subtypes and clinical features compared to adult NHLs. Most pediatric patients with NHL present diffuse high-grade lymphomas with frequent extranodal involvement [1, 2] . Treatment outcomes of pediatric NHL have been improved with effective treatment strategies according to different pathologic subtypes, and the current overall survival rate exceeds 80% [3] . However, most of these findings on pediatric NHLs are derived from studies in Western countries. Multicenter investigations on Asian patients with pediatric NHL are lacking except for a few nationwide studies in Japan, China, and South Korea [4] [5] [6] . This might be attributed to the heterogeneity and the low incidence of pediatric NHL, which prevents large-scale clinical studies. Therefore, in this study we analyzed the demographic and clinical features of a large number of pediatric patients with NHL in Asian countries and compared them with those of previous reports on patients in Western countries to provide a basis for further clinical investigation.
Materials and Methods
The medical records of 769 pediatric patients with NHL, who were diagnosed and treated in 4 participating institutions of Beijing, Shanghai, Nagoya, and Seoul, and in centers in Taiwan between January 2008 and December 2013, were reviewed retrospectively.
Participating centers were the Asan Medical Center Children's Hospital (AMCCH) in Korea, Nagoya University Hospital (NUH) in Japan, Beijing Children's Hospital (BCH) 
and Shanghai Korean Cancer Association
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Children's Medical Center in China, and Taiwan Pediatric Oncology Group centers.
Demographic, clinical features, and survival outcomes were investigated.
NHL was diagnosed and classified according to the World Health Organization
Classification of Hematological Malignancies [7] . Central review of the diagnosis was not performed. The St. Jude staging system was used for staging at diagnosis [8] . Patients were treated with multi-agent chemotherapy regimens according to participating institutions. Most of the regimens adopted the backbone of NHL-Berlin-FrankfurtMunster (BFM) or Children's Oncology Group (COG) protocols, which were stratified to the three main subgroups of LL, mature B-cell lymphoma, and anaplastic large cell lymphoma (ALCL).
Analysis of the probability of overall survival (OS) and event-free survival (EFS) was performed using the Kaplan-Meier method with differences compared by the log-rank test. The EFS was calculated from the date of diagnosis to the first event (first relapse, progression, secondary malignancy, or death from any cause) or the date of last follow-up. Cumulative Korean Cancer Association This article is protected by copyright. All rights reserved. respectively. ALK status was available in 51 patients among 107 patients with ALCL status, and 40 patients (78%) of them showed ALK positivity. The differences in the patterns of BM involvement and disease extent at diagnosis, according to pathologic subtype, are shown in Table 2 . BM involvement was more frequently observed in LL (48%) than in other subtypes, and patients with BL (83%), LL (93%), and ALCL (79%) were more frequently diagnosed with advanced diseases (p < 0.001). CNS involvement was more frequently observed in patients with BL (12%). However, the differences were not statistically significant (p > 0.05). Median age at diagnosis was 8 years (range, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . Median LDH level at diagnosis was 500 IU/mL (range, 100-17,333). The pathologic subtypes included 268 BLs, 224 LLs, 97 DLBCLs, 107 ALCLs, 35 peripheral T-cell lymphomas (PTCLs), and 18 other rare lymphomas (others).
Of the 749 patients, 84 (11%) died. During the 50.5 months of median follow-up duration, the 5-year OS, EFS, and CI of relapse were 89%, 84%, and 13%, respectively (Fig 2- A). There were no significant differences in OS and EFS between institutions.
Univariate analysis of putative prognostic factors revealed that pathologic subtype, CNS involvement, stage, and initial LDH level were associated with prognosis (Table 3) .
Patients with PTCL showed significantly poorer prognosis, with 5-year EFS of 56%, compared with those with other subtypes (P<0.05). CNS involvement at diagnosis was associated with poor survival outcome, while BM involvement was not. Patients with CNS involvement at diagnosis had lower 5-year OS and EFS than patients without CNS involvement (P<0.05).
Patients with early stage NHL or those with LDH level below 250 IU/mL at diagnosis had excellent outcomes, with 5-year EFS of over 90%, compared to patients with advanced stage or high level of LDH (P<0.05).
Ninety-one (12%) of the 749 patients experienced disease relapse. Median time to relapse from diagnosis was 8 months (range, 0-41). Along with the factors affecting prognosis, Korean Cancer Association This article is protected by copyright. All rights reserved.
pathologic subtype, CNS involvement and stage were the factors affecting relapse. Patients with ALCL and PTCL experienced relapse more frequently than patients with other subtypes, and patients with CNS involvement and advanced stage also experienced relapses more frequently (Table 4) .
Of the 91 patients who experienced relapse, 57 (63%) died, including the 16 patients who received no treatment after relapse. In the analysis of putative prognostic factors, relapse within 12 months from diagnosis, subtype of BL and LL, and salvage regimen without autologous HSCT were associated with poor outcomes in patients with relapse (Table 5 ). ALCL and PTCL showed a higher incidence of relapse (CI of relapse in ALCL and PTCL: 26%; CI of relapse in BL, LL, and DLBCL: 11%, 10%, and 7%, respectively), but these relapsed cases were salvaged successfully, while relapsed BL and LL showed more dismal outcomes with 5-year OS of 14% and 17%, respectively (Fig 3) . Regarding the salvage regimen, patients who received autologous HSCT had a successful outcome with 5-year OS of 77%.
Discussion
Through this multicenter study, we found that the demographic features and clinical characteristics of pediatric NHL in the East Asia were similar to those of Western countries.
However, some distinct aspects were observed.
BL and LL were the most frequent pathologic subtypes followed by DLBCL or ALCL.
A previous study analyzed 2,084 patients with pediatric NHL in Western countries, and reported that the incidence of BL, LL, ALCL, DLBCL, and primary mediastinal large B-cell lymphoma were 48%, 21%, 10%, 8%, and 2%, respectively [9] . The pathologic subtype distribution Korean Cancer Association This article is protected by copyright. All rights reserved.
showed different patterns according to the age of patients in western study: BL, LL and ALCL were more commonly found in children aged under 15 years, while DLBCL, LL and BL were more frequently found in patients aged 15 years and over [10] . Our study showed similar patterns of pathologic subtype distribution according to patient age as previous studies. In addition, rare pathologic subtypes of lymphoma accounted for 10% of cases in the 15-19 yearold age group compared to 3% in the 0-14 year-old age group. PTCL is a pathologic subtype of pediatric NHL, and a BFM study group reported that 38 (0.9%) of 4083 pediatric patients with NHL were diagnosed with PTCL [11] . In our study, PTCL was more frequently found, in 35 (5%) of 749 patients. Earlier studies showed that in Asia, Epstein-Barr virus (EBV)-associated NK/T cell lymphomas were more prevalent in adults than they were in Western countries [12, 13] . However, there was no significant difference in the distribution of PTCL subtypes in children between the study of the BFM group and our study. In the BFM study, 9 (24%) of the 38 patients with PTCL were reported to have NK/T cell lymphomas, compared to 10 (29%) of the 35 patients with PTCL in our study. Thus, unlike previous studies on adult NHL, our study found no difference in the rate of NK/T-cell lymphoma. However, we cannot conclude that there are no ethnic or geographic differences in the biology of PTCL in children. Accordingly, further evaluation related to EBV infection is needed.
The clinical characteristics of pediatric NHL in our study were also similar to those of Western countries. The BFM group study on 2084 pediatric patients with NHL reported a male to female ratio of 2.7:1 [9] , similar to the value in our study (2.4:1). Seventy percent of pediatric patients with NHL were diagnosed with advanced diseases (≥ stage III) in the BFM study, compared to 81% in our study. While most patients were diagnosed with advanced diseases, BM involvement and CNS involvement were rarely observed. The BFM study observed 5%
CNS involvement and 19% BM involvement, compared to 8% and 29%, respectively, in our Korean Cancer Association This article is protected by copyright. All rights reserved. [19, 20] . A recent BFM study on prognostic factors of mature B-cell NHL showed that presence of mediastinal involvement at the primary site was also a poor prognostic factor, while adolescent age was not associated with prognosis [21] . The COG group also found that disseminated disease, including BM and CNS, and a high LDH level were poor prognostic factors in mature B-cell NHL [22] [23] [24] . In LL, stage at diagnosis was the only Korean Cancer Association This article is protected by copyright. All rights reserved.
identified risk factor, because the study of prognostic factors has been impeded by the rarity of the disease and by difficulties in obtaining appropriate material for immunophenotypic and molecular characterization [3, 14] . In ALCL, mediastinal involvement, visceral involvement, or skin lesions were indicated as poor prognostic factors in the study of the European Intergroup for Childhood Non-Hodgkin Lymphoma [3, 25] . Our study showed similar results: subtype of PTCL, CNS involvement, advanced stage, and high initial LDH level were associated with poor outcomes, whereas age, sex, and BM involvement were not associated with outcomes. A BFM study on pediatric NHL showed that age and sex had different effects on treatment outcomes and had different distributions according to the pathologic subtype [9] . As such, it may be more reasonable to perform analyses of prognostic factors independently for each subtype.
The outcomes of patients with relapse were dismal. The BFM group reported that 10% of 324 pediatric patients with LL experienced progression or relapse despite conventional frontline treatment, and the salvage rate was poor with an OS of 14% [26] . A Korean group study reported an OS of 32% in refractory or relapsed BL and mature B-ALL [27] . Similar results were noted in our study, showing a 5-year OS of 33% in relapsed cases. Of note, pathologic subtypes influenced the outcomes. Patients with BL and LL who had refractory or relapsed diseases had a higher rate of treatment failure with conventional salvage therapy than other subtypes: The 5-year OSs of relapsed BL and LL were 14% and 17%, respectively, while those of other subtypes were over 50%. These results show that conventional salvage regimens
were not efficacious enough in most patients with relapsed BL and LL. Therefore, it is necessary to develop clinical studies to develop new salvage therapy for pediatric patients with relapsed
NHLs, especially for BL and LL. Recent multicenter clinical trials of therapies for adult patients with refractory NHL and leukemia showed that blinatumomab and chimeric antigen receptor Tcell therapy could be efficacious salvage therapies [28] [29] [30] . This is a possible candidate for Korean Cancer Association This article is protected by copyright. All rights reserved.
salvage therapy in pediatric patients with relapsed and refractory NHL.
As this is a case report form-based retrospective study that recruited a large number of cases from different countries, central review of pathological diagnosis was not possible, and the chemotherapy regimens used in each institution were not uniform. Even with these limitations, our study is noteworthy as the first report to reveal the demographic and clinical features of pediatric patients with NHL in East Asia. The results of this study could be a platform for future collaborative multinational studies in East Asia.
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